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Using the weak-localization method, we have measured the electron-phonon scattering times rep 
in Pd6oAg4o thick films prepared by DC- and RF-sputtering deposition techniques. In both series 
of samples, we find an anomalous 1/rep oc T^t temperature and disorder dependence, where I is 
the electron elastic mean free path. This anomalous behavior cannot be explained in terms of the 
current concepts for the electron-phonon interaction in impure conductors. Our result also reveals 
that the strength of the electron-phonon coupling is much stronger in the DC than RF sputtered 
films, suggesting that the electron-phonon interaction not only is sensitive to the total level of 
disorder but also is sensitive to the microscopic quality of the disorder. 

PACS numbers: 73.61.At, 72.10.Di, 72.15.Rn 



I. INTRODUCTION 

The electron-phonon (e-ph) scattering time, Tep, is one 
of the most important physical quantities in metals and 
superconductors. For instance, it determines the dephas- 
ing (also called the phase-breaking or decoherence) time 
for the electron wave function, the cooling time for an 
electron gas, and the relaxation time for the order pa- 
rameter in a superconductor. The e-ph scattering time 
also plays a crucial role in the development of novel meso- 
scopic devices such as sensitive low-temperature bolome- 
ters PI . The e-ph scattering time in the presence of mul- 
tiple (elastic) impurity scattering has been intensively 
calculated by several authors [|[ ||, ^, but the current 
understanding of the temperature and electron elastic 
mean free path, dependences of Tep is still incomplete. 
In particular, different temperature and disorder depen- 
dences of Tep have been reported, both theoretically and 
experimentally ||, ^. Recently, it was proposed that, in 
addition to the dependence on the total level of disorder, 
the T and i dependence of Tep might be fairly sensitive 
to the microscopic quality of the disorder 0, |[ ^ . It has 
also been conjectured that the contribution due to the 
Umklapp process of impurity scattering may be impor- 
tant 

In this work, we have fabricated two series of Pdgo Ag4o 
thick films by DC-sputtering and RF-sputtering deposi- 
tion techniques. The palladium-silver alloys are chosen 
because Pd and Ag form perfect fee solid solution through 
the alloy series |Q. Also, since the masses of the Pd and 
Ag atoms are quite similar, the vibrational spectrum of 
the lattice does not change significantly through the al- 
loy series The low-field magnetoresistances of our 
films are measured at liquid-helium temperatures, and 
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are compared with the weak-localization theoretical pre- 
dictions to extract the values of the e-ph scattering time. 
Our results for the temperature and electron mean free 
path dependence of Tep and their implications are de- 
scribed below. 



II. EXPERIMENTAL METHOD 

Our films were prepared from a 99.995% pure 
Pd6oAg4o (hereafter refereed to as PdAg) target. Two se- 
ries of thick films were fabricated, one by DC-sputtering 
and the other by RF-sputtering deposition technique. 
The films were deposited onto glass substrates held at 
room temperature. In both cases, a background pressure 
of 3 X 10~^ torr was reached before an argon atmosphere 
of 3.8 X 10^'^ torr was introduced to initiate the deposition 
process. A same sputtering gun was used for these two 
deposition methods, but with the gun being connected 
to either a DC or a RF power supply. The distance 
between the sputtering target and the glass substrates 
was the same for both methods. The sputtering power 
was progressively adjusted to "tune" the deposition rate, 
which resulted in different amounts of disorder, i.e., the 
residual resistivities po [~ p(lOK)], in the films. For the 
DC-sputtering (RF-sputtering) case, the deposition rate 
was varied from 30 to 230 (19 to 333) A/ min, and values 
of po ranging from 281 to 183 (74 to 178) fxQ. cm were 
obtained. 

The sample structures of our films were carefully stud- 
ied by performing the powder diffraction on an MAC 
MXP18 x-ray diffractometer. The x-ray power was 10 
kW and the scanning speed was 6 degrees per minute. 
In all cases, we found our samples to reveal very similar 
diffraction patterns, which clearly suggested that both 
the DC and RF sputtered films possessed the same fee 
lattice structure characteristic to that of the PdAg alloys. 
Representative x-ray diffraction patterns for two DC and 



FIG. 2: Normalized magnetoresistivities as a function of mag- 
netic field for the PdAgl7 thick film at (from top down) 1.0, 
3.0, 6.0, 9.0, and 14.0 K. The solid curves are the three- 
dimensional weak-localization theoretical predictions. 

predictions can describe well our experimental data. 
Therefore, the electron dephasing time r^, which is the 
key parameter in the weak-localization theory, can be 
reliably extracted. Since PdAg has a very strong spin- 
orbit scattering, is the only adjusting parameter in 
the comparison of the theory with experiment. (That 
the spin-orbit scattering is strong in PdAg is evident in 
the shape of the positive magnetoresistivity curves shown 
in Fig. ^.) The details of our data analysis procedure was 
discussed previously 0. 

In three dimensions, the total electron dephasing rate 
that governs the weak-localization effects is given by 



where = T0(T —i- 0) depends very weakly on tem- 
perature, if at all, and is called the saturated dephasing 
time. Whether should reach a finite or an infinite value 
as T — > is currently under vigorous experimental and 
theoretical investigations Q. At finite temperatures, the 
dominating inelastic electron process in three dimensions 
is solely due to the e-ph scattering, while the Nyquist 
electron-electron scattering is negligibly small |^, ^ . 
Usually, one writes 1 / r^p — A^pTP over the limited tem- 
perature range accessible in a typical experiment, where 
Aep characterizes the strength of the e-ph coupling, and 
p is an effective exponent of temperature. According to 
current understanding, p lies between 2 and 4 ^, ^, ^ . 

The extracted t^{T) between 0.5 and 20 K for each 
of our films is least-squares fitted to Eq. ([^), and the 
fitted values of the relevant parameters (r^, A^p, and p) 
are listed in Table |. Figure |^ shows a plot of the varia- 
tion of 1/t0 with temperature for the FdAglT thick film. 
The symbols are the experimental data. The thick solid 



FIG. 3: Electron dephasing rate as a function of tempera- 
ture for the PdAgl7 thick film. The thick solid curve drawn 
through the data points is a least-squares fit to Eq. , using 
p as a free parameter. The dotted, dashed, and thin solid 
curves are least-squares fits to Eq. with p fixed at 2, 3, 
and 4, respectively (see text). 

dependence is insensitive to the fabrication method. Such 
a T''^£ behavior is totally unexpected, even quahtatively, 
in terms of the current theoretical concepts for the e- 
ph interaction in impure conductors. According to the 
"orthodox" e-ph interaction theory for disordered metals 
I, § |, that assumes a coherent motion of the impurity 
atoms with the deformed lattice atoms at low temper- 
atures, one should expect a T'^£ dependence. Recently, 
it was speculated that, in real metals containing heavy 
(light) impurities and tough boundaries, the impurity 
and/or boundary atoms might not move in phase with 



FIG. 4: The strength of e-ph coupHng A^p as a function of 
diffusion constant for DC (triangles) and RF (circles) sput- 
tered PdAg thick films. The straight lines drawn through the 
data points are guides to the eye. 

the lattice atoms 0. The first calculations in considera- 
tion of this effect have been done by Sergeev and Mitin 
. They found that even a small amount of "static" po- 
tential scatterers drastically changes the e-ph-impurity 
interference, and the relaxation rate is proportional to 
r^£~^, where C is the electron mean free path with re- 
spect to the static impurities (£ 3> ()■ Experimentally, 
a T'* temperature dependence has been observed very 
recently in disordered Hf and Ti thin films . (A de- 
pendence had been previously observed in Bi thin films 
over a very limited temperature range of 0.6—1.2 K 
However, to the best of the authors' knowledge, the com- 
bined T'^i law has never been confirmed in real conduc- 
tors thus far. On the other hand, a distinct T^£~^ depen- 
dence has been observed in Tii.j-Al^; Q and Tii^^jSn^, 
alloys Previously, a T'^£ dependence was indepen- 



dently found in AuPd thick films {t > 4000 A) H, and 
Nb thin films {t < 200 A) In the present case of 

PdAg thick films, the masses of the Pd and Ag atoms 
are quite similar, and the films are three-dimensional. 
Therefore, it is not clear how the Sergeev-Mitin theory 
evoking heavy (light) impurities and tough boundaries 
can apply to this case. 

The criterion for the e-ph interaction to satisfy the 
dirty-limit condition is qtI <SC 1, where the wave num- 
ber of the thermal phonons qx ~ ksT/hve, and Vs is the 
speed of sound. Taking Vs ~ 2600 m/s and i w 2—8 
A, we obtain qtT « (0.01-0.04)r for our PdAg thick 
films. The phase-breaking lengths ^JDt^ in our films 
are calculated to be 690-1500 A at 2 K. (The dephas- 
ing length essentially saturates below about 2 K.) This 
length scale justifies the use of three-dimensional weak- 
localization theory to describe our experimental magne- 
toresistivities. 

IV. CONCLUSION 

We have measured the e-ph scattering time Tgp in DC 
and RF sputtered PdAg thick films. In both series of 
films, we observe an anomalous l/rgp oc T'^i temperature 
and disorder dependence. Moreover, the e-ph coupling is 
found to be much stronger in the DC than RF sputtered 
films. This observation strongly indicates that the e- 
ph interaction not only is sensitive to the total level of 
disorder but also is sensitive to the microscopic quality 
of the disorder. These results pose a new theoretical 
challenge. 
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